Brain activity is highly structured within local microcircuits and brain-wide networks, involving exquisite coordination across multiple brain regions in both superficial and deep structures [1] . To understand how brain represents, transforms and communicates information requires simultaneously monitoring distributed neural activity at brain-wide scale with single neuron resolution [2] . Extracellular electrical recording probes can detect spikes from individual neurons within milliseconds, however, their contact site numbers are limited and only a few dozen neurons per probe can be recorded [3, 4] . More contacts can be achieved with probe array coupled to external amplification and multiplexing electronics. However, too many transmission wires and large form factor hardware make it impractical to use in freely moving rodents [5] . Optical approaches such as Ca 2+ imaging cover multiple areas across spatial scales, but cannot identify the precise timing of spikes of neuronal activity due to their low temporal resolution [2] . Simultaneously monitoring neural activities across multiple brain regions at neuronal scale with high temporal resolution is still challenging.
To meet this challenge, Jun and colleagues [6] have developed a silicon based probe called Neuropixels containing 960 sites on a single shank, which can simultaneously record the activity of more than 200 individual neurons. What's more, the length of the recording shank as long as 10 mm enables recording from multiple brain regions simultaneously, and even the deepest structures of a mouse brain can be accessed.
The dense and extensive recording sites on a single probe was achieved using a custom 130 nm CMOS fabrication process. This process allowed Jun and colleagues to place 960 sites on a single shank with 70 μm × 20 μm cross-section. The recording sites are arranged in a checkerboard pattern with 4 columns (Fig. 1a) . The authors also integrated low noise analogue amplifiers, multiplexers and digitizers into the probe base ( Fig. 1b) with the same CMOS process. According to the cuttingedge electronics, 384 of the 960 total sites on the shank can be addressed simultaneously by user programmable switches, allowing active recording sites to be altered after implantation. Data from all 384 channels coul d be digitized and compressed in the probe base, realizing a digital output stream transmitted via a single thin cable, enabling the device to be compatible with long-term attachment to small animals with natural behaviour.
A key element in the Neuropixels probe is the recording site material. The typical material (PEDOT coated gold [7] ) used to make recording contacts is not compatible with the electronic fabrication process of Neuropixels. The authors developed porous titanium nitride (TiN) for the recording site material (Fig. 1c) . They found that probes based on TiN performed as well as those made of conventional materials when implanted in animals for 8 weeks. What's more, sites made of TiN are compatible with the CMOS processing, ensuring scalable fabrication of the Neuropixels probes at low cost [6] .
The long recording length and abundant recording sites of Neuropixels probes allowed researchers to obtain electrophysiological measurements across a large spatial extent. As an example, the authors inserted a probe into the brain of an awake, head-fixed mouse, targeting the primary visual cortex and the lateral posterior nucleus of the thalamus. Because the probe records activity with the same spatial resolution along the entire shank, the data can be conveniently displayed as images with each site represented as a "pixel". Using these images, structural boundaries can be visualized using simple measures of neural activity, such as firing rates or signal amplitude (Fig. 1d-f) . In another example experiment, two probes were inserted into a mouse brain. One probe spanned the sensory cortex, hippocampus and thalamus, while the second probe spanned motor cortex and striatum. In this experiment, more than 700 putative single neurons from both superficial and deep structures were recorded simultaneously.
Neuropixels probes are ideal for large scale recordings in freely moving animals owing to their fully integrated functionality and small size. In a chronic implantation experiment, a probe was implanted in the rat medial prefrontal cortex (mPFC), and delivered recordings of hundreds of neurons simultaneously for more than 8 weeks (Fig. 1g-j) . Further, light induced artefact can be minimized using sinusoidal or ramped light pulses or subtracted out, allowing the combination use of Neuropixels recordings with optogenetic stimulation in vivo [8] .
In summary, Neuropixels probes enables electrical recording from brain-wide regions simultaneously at neuronal scale with high temporal resolution, allowing direct tests of the relationships between connectivity and function across both local and distant brain structures [9] . This technology is an essential step towards understanding the global coordination of activity fundamental to brain function and opens a door to exciting experiments aimed at studying functional neuronal circuits.
